We have systematically reduced 17 years of data from the V oyager ultraviolet spectrometer (UVS) archives, from which we have obtained 431 spectra that place useful limits on the di †use far-ultraviolet radiation Ðeld between 912 and 1100
INTRODUCTION
There are many di †erent processes contributing to the di †use celestial ultraviolet radiation Ðeld : heliospheric emission lines from within the solar system ; the scattering of starlight from interstellar dust, emission from hot halo gas, and molecular hydrogen Ñuorescence in the interstellar medium (ISM) ; and extragalactic sources such as emission from an intergalactic medium, the integrated light of galaxies or quasars, or perhaps even emission from the decay of massive neutrinos (Sciama 1990) . Unfortunately, there are very few reliable observations of the ultraviolet background (see Murthy & Henry 1995 ; reviewed by Bowyer 1991 and Henry 1991) , because of both the faintness of the signal and the need for space-based instrumentation. In this context, there has been a surprising neglect of the V oyager 1 and 2 ultraviolet spectrometer (UVS) archives. Comprising more than 17 years of data from the long stretches when the two spacecraft were between their highly successful planetary encounters, these archives contain observations of a wide variety of astrophysical targets in the spectral region between 550 and 1700
In the best cases, limits of about A . 100 photons cm~2 s~1 sr~1 (Holberg 1986 ; Murthy, A ~1 Henry, & Holberg 1991) have been set on the di †use radiation ÐeldÈsufficient to signiÐcant constrain the various components of the UV background.
There are a total of 8376 observations in the V oyager archives,2 and we have plotted the distribution of these in an Aito † projection in Figure 1 . Of these, 1766 were classiÐed as "" sky ÏÏ by the original investigator, implying a planned observation of the sky background ; however, many more observations were of point sources that turned out to be too faint to detect with the V oyager UVS, resulting in a Ðne observation of the di †use radiation Ðeld. We have completed the Ðrst phase of a project to systematically reduce and analyze all of the di †use observations in the V oyager archives. After rejection of planetary and instrumental observations and after a careful cross-check with the SIMBAD database to reject point-source contaminants, we were left with a total of 431 spectra of various locations in the sky (Fig. 1, diamonds) , some of which were multiple observations of the same position. In this work, we will concentrate on presenting the techniques used and will discuss the implications of these data for the UV background. The actual spectra and detailed results for each of the observations are available from the authors of this work and will be archived at the Astronomical Data Center.
In this paper we describe the scope of the V oyager data set and our techniques for the selection, veriÐcation, and analysis of the background observations presented here. In°4 we present a comprehensive analysis of the H I Lya and He I j584 heliospheric emission lines observed by V oyagers 1 and 2 in the outer solar system. Also in°4, we present a global summary of the distribution and intensity of the cosmic radiation Ðeld observed by the V oyager spacecraft in the 912È1100 band. A 2. OBSERVATIONS
T he V oyager Spacecraft and Mission
The two V oyager ultraviolet spectrometers are identical Wadsworth-mounted objective grating spectrometers, which cover the spectral range between 500 and 1700 A over a Ðeld of view of
The spectral resolution of 0A .1 ] 0A .87. the instruments is 38 for aperture-Ðlling di †use sources A and 18
for point sources. In addition to the primary A aperture (the airglow port), there is a small o †-axis port (the FIG. 1.ÈAll 8376 V oyager observations in the mission log are plotted as plus signs on an Aito † projection of the sky. The Galactic center is at the center of the plot, north is at the top, and longitude increases to the left. The 431 diamonds show the locations of those observations we have identiÐed as being of the di †use radiation Ðeld. Note that there are a handful of diamonds without an associated plus sign. Some of these are due to transcription errors while the values were entered into the mission log ; the rest are due to small di †erences in the way the direction of observation is deÐned. occultation port) designed to allow direct viewing of the Sun. For occasional unfortunate geometries, it is possible that a bright source seen through the occultation port will contaminate a faint source in the airglow port. The detectors are bare dual microchannel plates read out onto a linear self-scanned array of aluminium anodes, 126 of which are active for a bin size of 9.26 The UVS is most sensitive A . at wavelengths below 1200 with a rapidly declining A , response at longer wavelengths. At wavelengths longward of 1280 the microchannel plate detectors are covered by a A , window with a semitransparent CsI coating. This MgF 2 window, designed to increase the response of the bare glass microchannel plate at long wavelengths, introduces a spectral artifact centered on channel 81 and a discontinuity between the long-and short-wavelength halves of the detector.
The two spacecraft were launched within a month of each otherÈV oyager 2 in 1977 August and V oyager 1 in 1977 SeptemberÈon their mission to explore the giant planets. V oyager 1 encountered Jupiter and Saturn in 1979 and 1980, respectively, while V oyager 2 encountered all four Jovian planets, culminating in the Neptune encounter in 1989. Both spacecraft are now approximately 50 AU from the Sun, and receding by about 3 AU per year. Observations with the UVS continue to the present date and should do so until about the year 2000, when there will be insufficient power from the spacecraft radioisotope thermoelectric generator (RTG) to operate the instruments. A full description of the UVS instruments and further information about the V oyager mission is given by Holberg & Watkins (1992) .
Data Processing
A typical V oyager sky observation consists of a series of individual spectra (often termed accumulations) with an onboard integration time of (most commonly) 3.84 or 576 s, although intermediate integration times were also used at di †erent times in the mission. The total exposure time for a single observation can range from a few hundred to several million seconds, with exposure times greater than 104 s being the most useful for observations of the di †use radiation Ðeld. The data are transmitted to the Earth at regular intervals, where they are acquired by the Deep Space Network antennas in Spain, California, and Australia, are sent to the Jet Propulsion Laboratory in California, and Ðnally are sent to the Lunar and Planetary Laboratory (LPL) in Arizona, where they are currently archived. The entire V oyager archives now occupy about 10 gigabytes and may be searched and retrieved over the Internet. As we desired to process the entire database, we acquired the complete (to 1994) data set on Ðve 8 mm tapes.
A number of IRAF routines exist at LPL to analyze the V oyager UVS data interactively, which we recommend to the general user. However, this software is not suitable for the automatic extraction of thousands of spectra, and we have developed our own software optimized for the analysis of di †use sources (the analysis of point-source observations may involve informed decisions by the analyst and would FIG. 2 .ÈThe total signal observed from the star EZ CMa, plotted as function of the limit-cycle motion of the spacecraft on the sky. Because the response function changes across the aperture, any point source will show the same characteristic proÐle. We have used this behavior as a sensitive test (to an equivalent V magnitude of 16 for a B star) for point sources in the Ðeld of view. complicate our software considerably). We have used the Interactive Data Language (RSI, Boulder) for this task, and our programs are available upon request. We emphasize that, as with any major data set, analyzing V oyager data from scratch is not a trivial task and should not be done without adequate preparation.
The archival V oyager data are stored as a time-ordered series of records on several 8 mm tapes. At the beginning of each record is a header, containing such information as the date for each individual accumulation, and the mode of FIG. 3 .ÈAn arbitrary V oyager 2 spectrum (in the direction of the Seyfert galaxy NGC 4151), plotted as a thin line with 1 p error bars. The strongest feature in this, as in almost every UVS spectrum, is heliospheric Lya at 1216
The scattering wings of the line extend throughout the A . spectrum but can be removed by application of a "" descattering ÏÏ operator. The descattered spectrum is shown as the dark line. We have chosen this particular spectrum arbitrarily and purely for illustrative purposes. operation, followed by the actual data. The mission log, which is maintained as a regularly updated text Ðle at LPL, contains the start and stop dates of each observation (as well as other observational parameters) and we used those dates to extract all the data for a single observation into a Ðle on a hard disk. A few corrupted accumulations (largely due to transmission errors over the long interplanetary distances traversed) were discarded and the remainder added together to form a single spectrum of the region observed.
Because most of the V oyager observations were nominally of point sources, we must ensure that the signal observed is truly di †use. Such a test is provided by the limit-cycle motion of the spacecraft. As the slit moves across a point source, the observed signal will vary as a function of w, the o †-axis angle. If the s2 Ðt of a Ñat line to the data was signiÐcantly greater than unity, we rejected that observation as being unambiguously due to a point source (or sources), as is the case (for example) with the observation of EZ CMa that is plotted in Figure 2 . A further reÐnement was to actually Ðt a sample response function to the data and thereby set limits on the maximum contribution of a point source to the data. It should be noted that this test is optimized to the detection of faint point sources rather than extended sources with spatial structure (e.g., supernova remnants).
The only potential contributors of direct starlight to UVS observations are luminous O and B stars and hot subluminous stars. In the case of the former it can be shown that at signal levels of several hundred photons cm~2 s~1 the apparent magnitude of a single unreddened B star A ~1, of equivalent brightness must be greater than V \ 11 (Holberg 1990 ). However, a B star of such low apparent magnitude must be at a distance greater than 10 kpc, and the signal in the 900È1200 band would be considerably A attenuated by interstellar absorption. Hot subliminous stars are readily detected by the UVS and can, in principle, contribute to a di †use signal. However, the space densities of these objects are very low, and the above test for point sources can readily identify the presence of such stars to a limiting magnitude (V ) of 16. We have searched through both the T D-1 and SIMBAD catalogs for the presence of hot stars and have rejected those observations with possible contamination.
The last step before extraction of the heliospheric and cosmic signals was to combine those V oyager observations that were split into several parts in the mission log, for various spacecraft maintenanceÈrelated reasons. As our procedure was based on entries in the log Ðles, each part of such an observation was reduced separately and created independent Ðles. We went through the entire data set and, based on observation names and positions, combined these individual spectra. We then eliminated all observations that were not astronomical in nature (planetary and calibration observations) and those with possible point-source contamination. This left us with a total of 431 observations that we believe are true observations of the di †use radiation Ðeld and are plotted as diamonds in Figure 1 .
DATA ANALYSIS
We have plotted the spectrum of an arbitrary region in space (labeled as an observation of NGC 4151 in the UVS archives) in Figure 3 . The single most prominent feature in the observed spectrum is almost always the heliospheric Lya line at 1216 which is so intense that its scattering A , wings extend over virtually the entire spectrum. Fortunately, the scattering function was measured accurately on the ground prior to Ñight, and a descattering operator, consisting of an individual 126 ] 126 element matrix for each spacecraft, was deÐned. This matrix was applied to every spectrum after the removal of dark counts, and its e †ects may be seen from the di †erence between the two spectra plotted in Figure 3 . Although the scattering function did change somewhat during the mission, the e †ects of these changes are greatest on the long-wavelength side of Lya and are less important in the spectral regime between 912 and A the Lya line, where our greatest interest lies.
There are three independent constituents of the typical UVS spectrum : dark noise from the spacecraftÏs radioisotope thermoelectric generator (RTG), emission lines from the interplanetary medium, and a cosmic signal (which we deÐne to be all radiation originating beyond the solar system). The RTG spectrum for each spacecraft was measured at regular intervals by pointing the UVS at a calibration plate shadowed by the spacecraft body, and we have plotted scaled RTG spectra from several years for each spacecraft in Figure 4 . The spectra are virtually identical except in the vicinity of Lya, where heliospheric emission is reÑected by the calibration plate into the UVS. The stability of the RTG emissionÈin shape, not in scaleÈallowed us to choose a single measurement from late in the mission, when the heliospheric emission was at a minimum, for each spacecraft. We then scaled the RTG spectrum to each observation using a least-squares Ðt in the channels between the He line at 584 and the Lyman limit at 912 This implic-A A . itly assumes that the observed continuum in this region is instrumental in origin with no astronomical contribution ; a valid assumption for all but a handful of nearby stars. The data reduction procedures outlined here are discussed in more detail in Holberg (1986) .
Present in every spectrum are the heliospheric lines of helium and hydrogenÈHe at 584 Lya at 1216 Lyb at A , A , 1026 and, early in the mission, Lyc at 972 The helium A , A . line is easily isolated and its intensity measured because of the lack of any other contributors in its vicinity. However, the Lyman lines are located in the midst of the astrophysical FIG. 4 .ÈRTG spectra for each spacecraft do not change much with time, as is shown in this composite plot of a number of observations of a calibration plate on each spacecraft from di †erent years. Except near the Lya line, where heliospheric emission is backscattered from the plate into the UVS, there is little di †erence between the lines. In our data analysis we have used an RTG spectrum from 1989 for V oyager 1 and one from 1993 for V oyager 2, both of which are plotted as thick lines in the Ðgure. signal and must be modeled in conjunction with it. The characteristic shape for a di †use emission-line source in the UVS spectrum is a convolution of two triangles with respective widths of 3.54 and 2.3 bins (where each bin is 9.26 A ), and we used this proÐle (which is almost indistinguishable from a Gaussian of FWHM 38 as a model for both the A ) Lyb and Lyc lines. The intense Lya was not Ðtted well by such a model, and we used instead an actual spectrum in which there was no astrophysical continuum, as a template for this line. As mentioned above, the shape of the Lya line did change over the lifetime of the mission, especially after stressing events such as a direct observation of the Sun or passage through the Jovian magnetosphere, and we were forced to use di †erent templates at di †erent periods in the spacecraft lifetime (Table 1) . At Ðrst we truncated the spectrum immediately on either side of the line but found a residual with features repeatable over di †erent spectra and at a level correlated with the strength of the Lya line. We identiÐed this residual as being due to imperfectly removed scattered Lya and incorporated it into our template.
Much less is known, a priori, about the di †use cosmic radiation Ðeld and its sources in any particular region of the sky, and we are currently in the process of developing a comprehensive model to predict the cosmic background from any direction in the sky. In this work, we concentrate on presenting the values as observed, and we have used the model developed by Murthy & Henry (1995) to predict the spectral shape of the component due to dust-scattered starlight for each observation. In general, the spectrum is similar to that of an early B star but does di †er somewhat in di †erent locations depending on the characteristics of the stars contributing to the scattering in the line of sight.
Finally, we simultaneously Ðtted the heliospheric Lyman lines an the continuum representing the cosmic background to the data using a minimum s2 procedure, with the greatest weight placed on the Ðt between 900 and 1150 where the A , sensitivity of the UVS to a cosmic signal is greatest. The Lya line is so much stronger than any other signal that its Ðt FIG. 5 .ÈDi †erent components of our Ðt to NGC 4151. The RTG spectrum has been scaled and subtracted, and the signal between Hea and 900 is zero, as it should be. The Ðt at wavelengths longward of Lya is not A very good ; it is better in many of the observations. However, we do not consider that spectral region because of the low sensitivity of the UVS there (as may be seen from the fall-o † in the model of the cosmic background). We repeat that we have chosen this spectrum for illustrative purposes only. NOTEÈDates are given in the form year/day, e.g., 83/021 \ 1983 Jan 21. a As deÐned in the mission log, b Uncertainty in background in units of photons cm~2 s~1 sr~1 A ~1.
was essentially a normalization of the template spectrum to the peak of the observed signal. The di †erent components of our Ðt are illustrated in Figure 5 , where we have plotted the V oyager 2 spectrum in the direction of NGC 4151. In our Ðrst run through the data, we allowed the Lyb/Lya ratio to vary freely. However, because the Lyman lines are optically thick, we would expect that the Lyb/Lya ratio would remain constant, although, of course, the strength would not. We tested this hypothesis by selecting those observations of greater than 50,000 s in length in which there was no evidence of any astrophysical signal, i.e., where the observed signal was entirely heliospheric. The Lya and Lyb strengths in the V oyager 2 spectra are plotted as a function of time in Figure 6a and the ratio is plotted in Figure 6b . While there is a strong correlation between the two Lyman lines (Fig. 6a) , the ratio appears to show two breaks, one in mid-1981 and the second at the beginning of 1989 (Table 2) . It is known (Hall 1992 ) that the Lya Plots of Lyb/Lya ratios. Note that late in the mission, the Lyb line is hard to distinguish from the background level, and there is a large scatter in determining its level. The gaps in the observed data points are due to planetary encounters, and it appears that the Lyb/Lya ratio is di †erent after each gap. Although both the Lya and Lyb lines are optically thick and their ratio should not change, we have empirically assumed three di †erent ratios (solid lines in [b] ) and used those ratios in our analysis. No such changes were seen in the V oyager 1 ratio (c). We note that Ðxing the Lyb/Lya ratio (rather than letting it vary freely) had less than a 5% e †ect on the derived continuum value.
response of the V oyager 1 UVS was degraded during its passage through the Jovian magnetosphere, and it is likely that the varying Lyb/Lya ratio empirically observed in the V oyager 2 data (Fig. 6b) is due to di †erent rates of degradation in the spectral regions covered by the two lines. We found no similar changes in the Lyb/Lya ratio in the V oyager 1 data (Fig. 6c) , and the ratio used throughout the observation period is tabulated in Table 2 . It should be noted that the overall calibration of both instruments has remained constant over the 17 years covered by our observations . In actuality, because the Ðtting procedure determines the continuum intensities through a Ðt of the entire spectrum between 912 and 1100 Ðtting the A , Lyb/Lya ratio had virtually no impact (\5%) on the background values derived in this work.
In order to check the consistency of our procedure, we have selected a subsample of the observations for which there was at least one other observation within 1¡. There were 188 such observations. For each of these groups of observations (i.e., those observations which were near each other) we calculated the mean value of the derived background values and the deviation of each observation from that mean. Only 11 (6%) of the observations fell more than 3 p away from the mean, 28 (15%) fell more than 2 p from the mean, and 61 (32%), fell beyond 1 p from the mean, entirely consistent with a normal distribution of errors. This is a very important result. Although many years separated some of these observations and di †erent spacecraft with entirely di †erent viewing geometries (through the solar system) were used to make the observations, there is no e †ect on our derived background values. We note that this is a postreduction result (no attempt was made a priori to ensure consistency) and forces us to believe that our reduction procedure is, at least, self-consistent and that the error bars are reasonable.
RESULTS

Heliospheric Resonance L ines
In addition to di †use background radiation emitted from very distant astronomical sources, the V oyager UVS instruments also detect photons resonantly scattered from atomic hydrogen and helium in interplanetary space and the very local interstellar medium (Holberg 1986 ; Broadfoot et al. 1981 ; see Thomas 1978 for a review of heliospheric resonance scattering). Both V oyager spacecraft are traveling into the upstream direction of the local interstellar Ñow. The strongest heliospheric resonance line, H I j1216, is easily observable in all UVS spectra, and two other lines, H I j1025 and He I j584, are measurable in the longer duration UVS observations. Heliospheric resonance line intensities depend sensitively on spacecraft heliocentric position r and look direction l. For 15 \ r \ 50 AU, observed intensities looking into the antisolar direction (r) fall with increasing spacecraft heliocentric distance ; also, intensities grow as the angle q between the look direction and the spacecraft direction vector increases. Here we present a semiempirical best-Ðt analysis of the distribution of UVS resonance line intensities as functions of r and h that provides a simple approximate means of calculating upstream heliospheric H I j1016, H I j1025, and He I j584 intensities between 15 and 50 AU.
In look directions near stars or in regions of the sky with elevated di †use background levels, H I j1025 is often severely blended with the background signal in the observed spectra. In the 912È1150 region of the spectrum, the mis-A match between the data and best-Ðt model spectra can be a signiÐcant fraction of the best-Ðt H Lyb signal level, and the derived H Lyb intensities exhibit large, nonphysical variations from observation to observation, especially for r [ 15 AU, where H Lyb signals are often overwhelmed by the di †use background. In addition, because of the higher UVS noise levels on V oyager 1, the H I j1025 signal-to-noise ratios are often poor even for relatively long-duration exposures. Inside r \ 15 AU, the V oyager 2 spectra indicate that the ratio of H Lya to H Lyb photon intensities is roughly 700^200 (using the revised calibration of Holberg et al. 1991) ; V oyager 1 spectra indicate a comparable ratio.
Heliospheric H I j1216 V ariations
Earlier reductions of V oyager UVS heliospheric observations (Hall 1992 ; Hall et al. 1993) indicated that the H Lya intensities beyond 15 AU from the Sun can be reproduced very well using the semiempirical formula
where is the intensity looking into the antisolar direction I 0 from an upstream position with heliocentric radial distance
The spacecraft heliocentric distance is r(t), and the expor 0 . nent i describes the variation of the intensities with heliocentric distance. F(t) is the variable subspacecraft solar H Lya integrated line Ñux (as measured at 1 AU), and is a F ref reference value for the solar H Lya line Ñux, taken to be 3 ] 1011 photons cm~2 s~1 in this analysis. The exponent c describes the approximate relationship between the solar line-integrated Ñux and line-center Ñux (for instance, when the solar H Lya line shape does not change signiÐcantly over the solar cycle, c \ 1). The function J(h) describes the variation of intensity with h, the angle between the sight line and the antisolar direction, and is deÐned such that J(0) \ 1.
In a system with a uniform H atom density, when r is well within one H Lya photon-scattering length scale (i.e., the optically thin, uniform density limit), the intensity is analytically derivable (see Hall 1992) , and is found to fall as r~1 (so i \ 1 in this limit). In the optically thick, uniform density limit, i is approximately 2 (Ivanov 1973) . For isotropic resonance scattering, J(h) \ h/sin h in the optically thin limit. For nonisotropic resonance scattering with a phase function of the form
where a is the scattering angle, the optically thin function has the form
The phase coefficients for H Lya resonance scattering are and (Brandt & Chamberlain 1959) . A least-A \ 11 12 B \ 3 4 squares analysis of the UVS H Lya data acquired in the region 15 AU \r \ 35 AU, indicates that i \ 0.95^0.04 and c \ 1.02^0.07 for the combined V oyager 1 and V oyager 2 data. The function J(h) can be approximated as
with k \ 0.52, a signiÐcantly di †erent form from that expected for a uniform medium as given by equation (3). This di †erence is caused by the combined e †ects of multiply scattered H Lya photons and the existence of an ionization cavity in the heliospheric H distribution carved by the solar wind and EUV radiation. The quality of this Ðt is shown in Figure 7 as a function of observation data (to illustrate the solar Ñux variation). The expansion using the best-Ðt parameters reproduces the H Lya data to an rms accuracy of 22% and 15% for V oyager 1 and V oyager 2, respectively. The solar H Lya line-integrated Ñux as measured by the SME satellite and derived from the He I j10830 proxy (Tobiska 1991 ; Lean 1990) , were used in this analysis, and the best-Ðt values for i and k are relatively insensitive to c, yielding essentially the same results over the range 0.8 \ c \ 1.2. For AU, the best-Ðt values for are r 0 \ 15 I 0 (3.52^0.09) ] 107 LU (1 LU \ 1 photon cm~2 s~1 sr~1) for V oyager 1, and (3.67^0.07) ] 107 LU for V oyager 2. These absolute intensities were derived using the H Lya sensitivity calibration factors presented by Hall (1992) , which account for the nonuniform sensitivity degradation that the V oyager 1 UVS su †ered during its traversal through the harsh radiation environment of JupiterÏs magnetosphere. The di †erence between the best-Ðt values of I 0 for the two UVS instruments is most likely related to the uncertainty in their relative H Lya sensitivities.
It is pertinent to note that the semiempirical expansion presented here applies only to V oyager data acquired between 15 and 50 AU from the Sun. Data acquired closer to the Sun by V oyager and other spacecraft must be modeled using a considerably more complicated calculation (see Pryor et al. 1992 for an example), although the best-Ðt form of J(h) given by equation (3), with k approximately equal to 0.5, appears to extend inward almost to 5 AU. In addition, the expansion presented here does not include the small excess emission detected by both V oyager spacecraft toward the exact direction of the upstream interstellar wind (Quemerais et al. 1995) , an excess that may be of either heliospheric or Galactic origin. However, this excess emission is relatively faint (less than about 1.2 ] 106 LU) and occupies a small section of the sky.
Heliospheric He I j584 V ariations
An analysis of heliospheric He I j584 intensities is complicated by the lack of detailed knowledge of solar He I j584 variations during the observation period. Here, we use the solar H Lya line Ñux variations as a proxy for the solar He I j584 variation. Using an expansion of the form in equation (1), we Ðnd that the V oyager 2 He I j584 intensities between 15 and 50 AU are reproduced to an rms accuracy of 35% if c \ 1.4^0.2, i \ 1, and J(h) is given by equation (3) with phase coefficients A \ B \ 0.75, appropriate for He I j584 resonance scattering. Thus, the analysis indicates the linecenter He I j584 solar Ñux varies roughly as F1.4, where F is the solar H Lya line-integrated Ñux. The fact that the data can be reproduced using the uniform density, optically thin form of equation (1) is not surprising because one optical depth for heliospheric He I j584 resonance scattering is known to correspond to a length scale of more than 200 AU, and models of the heliospheric He distribution indicate that the upstream He atom density should be essentially constant for r [ 5 AU. For AU, we derive that r 0 \ 15 LU for He I j584. I 0 \ (2.9^0.5) ] 104
Cosmic Radiation Field
The Ðrst attempts to measure the di †use radiation Ðeld in the far-ultraviolet were made using Geiger counters with a 13¡ Ðeld of view aboard the V enera spacecraft (Belyaev et al. 1971) with reported intensities of between 1.7 ] 103 and 36 ] 103 photons cm~2 s~1 sr~1
However, later A ~1. observations (Henry 1973 ; Bixler, Bowyer, & Grewing 1984 and references therein) could not conÐrm the positive detections, instead placing upper limits of the order of 104 photons cm~2 s~1 sr~1 on the di †use radiation. The A ~1 best observations to date have been obtained using the V oyager UVS. Sandel, Shemansky, & Broadfoot (1979) reported intensities of 2000È5000 photons cm~2 s~1 sr~1 near Orion, and Holberg (1986 Holberg ( , 1990 found only A ~1 upper limits of 300 photons cm~2 s~1 sr~1 or less A ~1 everywhere except for two extended regions of about 2000 photons cm~2 s~1 sr~1 in intensity, one near A ~1 Ophiuchus and the other near Orion. The positive detections are all characteristic of stellar spectra and therefore represent either unresolved stars or scattered starlight.
To this small sample of data points, we have added 431 observations of 302 independent locations in the sky. We have taken pains to reject any observations which may have been contaminated by point sources. We examined each V oyager Ðeld using both the SIMBAD and T D-1 databases for the presence of contaminating sources, rejecting those observations with a high signal for which a plausible source existed. Although this procedure may result in our rejecting FIG. 8 .ÈDistribution of our observed backgrounds, plotted as a histogram, in the 196 observations we consider to be the best estimators of the di †use radiation Ðeld. There is a wide range in observed brightness, with the darkest being upper limits of less about 30 photons cm~2 s~1 sr~1 A ~1 and the brightest being levels of 30,000 photons cm~2 s~1 sr~1 A ~1.
a true background observation, we are conÐdent that the remaining observations are unimpeachable.
The cumulative distribution of the derived backgrounds in these observations is shown in Figure 8 . While almost 40% have intensities of under 100 photons cm~2 s~1 sr~1 there are a surprising number (D20%) with intensities A ~1, over 2000 photons cm~2 s~1 sr~1 a bright signal A ~1, indeed by the standards of studies of the di †use radiation Ðeld. It has often been assumed that the di †use background is directly correlated with the Galactic latitude or with the distribution of N (H I). In fact, there is no such simple relationship : the intensity of the di †use background depends heavily on local causes, such as the presence of a nearby bright UV star and its location relative to the dust in the line of sight. This is illustrated by the data in Figure 9 , where we have plotted the observed brightness as a function of the integrated brightness of all the T D-1 sources (at 1565 within 10¡ of the observation. Despite the scatter in the A ) plot, perhaps due to di †erent dust distributions, it is clear that there is a strong correlation between the T D-1 stars, which presumably trace the local radiation Ðeld, and the observed scattering from that direction. A similar plot with T D-1 stars within 1¡ of the observed position shows no correlation, indicating that instrumental scattering does not a †ect our results. By contrast, there is no correlation with the H I column density (Fig. 9b) and only a mild correlation with the Galactic latitude (Fig. 9c) , probably indirectly due to the correlation of UV-bright sources with Galactic latitude.
The dark areas observed in our sample are truly dark with (1 p) upper limits as low as 30 photons cm~2 s~1 sr~1
Many of these areas are at the highest Galactic lati-A ~1. tudes, where one would expect the Ñux to be dominated by the extragalactic radiation Ðeld, if any, and their values are tabulated in Table 4 . Because of the importance of this result, we have plotted the spectrum of one of these points in Figure 10 . Our analysis procedure Ðts a continuum to the entire spectrum between 912 and 1200 if, instead, we A ; FIG. 10 .ÈSpectrum of one of the best of our extragalactic sight lines (Table 4) , plotted here as 1 p error bars. Any astrophysical source would show up as a step in the spectrum at 912
The two dark lines show the A . derived background respectively below and above the Lyman limit, using only those points indicated. The di †erence between the two is only 4^28 photons cm~2 s~1 sr~1 allowing us to set a 1 p limit of less than 30 A ~1, photons cm~2 s~1 sr~1 on the level of an isotropic extragalactic A ~1 background. We note that we do not explicitly account for systematic errors, which may be at the same level as the photon noise.
simply take the weighted sum of the points immediately above and below the ISM cuto †, we get the same answer (4^28 photons cm~2 s~1 sr~1
The limits we place A ~1). on the extragalactic continuum emission are much lower than the canonical value of about 300 photons cm~2 s~1 sr~1 obtained at wavelengths greater than Lya, and A ~1 Henry (1991) has suggested that much of the extragalactic emission longward of Lya is due to recombination radiation from intergalactic Lya clouds.
CONCLUSIONS
We have reduced the entire set of archival V oyager data from launch until early 1994, comprising more than 17 years and 8000 observations. Out of these, we have selected 431 as observations of the di †use radiation Ðeld with no point-source contamination. There is a large range in the observed intensity from each of these regions ranging from 1 p upper limits of as low as 30 photons cm~2 s~1 sr~1 A ~1 to a detection of over 30,000 photons cm~2 s~1 sr~1 A ~1 near the star j Lib. The level of the di †use radiation Ðeld is correlated with the presence of nearby bright stars and is due to local e †ects. Accordingly, there is no correlation with the amount of neutral hydrogen in the line of sight and only a minor correlation with the Galactic latitude. The dark regions allow us to constrain the extragalactic Ñux on which our best (1 p) limits are 30 photons cm~2 s~1 sr~1 We A ~1. have not included systematic errors, which are likely to be on the same level, in this analysis.
We have successfully modeled the observed intensity of the resonantly H I Lya and He I j584 heliospheric emission lines in the outer solar system. Using simple analytic expressions that theoretically describe a combination of optically thin and optically thick scattering regimes, a power-law distance dependence, and a time dependence proportion to observed solar Lya intensities, we have characterized the observed line intensities over the range of heliospheric distances from 15 to 50 AU.
Our major plans for the future include studying some of the speciÐc V oyager observations in more detail, such as that near j Lib, which appears to be a reÑection nebula near the star. We are using these data to reÐne our model of the dust-scattered starlight to predict the optical constants of the interstellar dust grains in this previously unexplored wavelength region. The V oyager archives are likely to be the most comprehensive, and indeed the only source of information about the UV radiation Ðeld in the crucial spectral region between 912 and 1200 for quite some time A into the future. This work was supported by NASA grants NAG5-2398 and NAG5-2299 to the Johns Hopkins University. This research has made use of the SIMBAD database, operated as CDS, Strasbourg, France. We thank an anonymous referee for constructive criticism on the Ðrst draft of this paper.
